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(54) Process for primer coating fiber-reinforced plastics substrates 



(57) A process for primer coating fiber-reinforced 
plastics substrates by applying a primer layer onto a fib- 
er-reinforced plastics substrate and curing the applied 
primer layer, wherein the primer layer is formed from a 
coating composition which comprises a binder system 
with free-radically polymerizable olefinic double bonds 
and with hydrolyzabie alkoxysilane groups, wherein the 
resin solids of the coating composition exhibit a C=C 



double bond equivalent weight of 200 to 2000 and a con- 
tent of silicon bound in alkoxysilane groups of 1 to 10 
wt-% and wherein curing of the primer layer proceeds 
by free-radical polymerization of the C=C double bonds 
on irradiation with high energy radiation and by the for- 
mation of siloxane bridges under the action of moisture. 
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Description 

Field of the Invention 

[0001] The invention relates to a process for primer 
coating fiber-reinforced plastics substrates, wherein 
curing of the primer layer proceeds with high energy ra- 
diation and by means of moisture. 

Description of Related Art 

[0002] In recent times, the use of fiber-reinforced 
plastics parts, for example so-called IMC, SMC or BMC 
plastics parts (IMC = in-mould coated compounds, SMC 
= sheet moulded compounds, BMC = bulk moulded 
compounds), has become ever more widespread, es- 
pecially in automotive construction (wings, bonnets, 
boot lids, doors, mirror housings etc.), due to their ad- 
vantageous properties. Despite their major advantages 
as components (good shaping properties, elevated heat 
resistance, dimensional stability, ruggedness), they ex- 
hibit-disadvantages with regard to coating. When coat- 
ing layers applied thereto are cured thermally in a tem- 
perature range of, for example, above 80°C, gases are 
released which give rise to unacceptable defects in the 
surface of subsequently applied coating layer(s), such 
as craters or burst or closed gas bubbles, which are 
known in short as "popping defects". While these de- 
fects affect the entire surface on SMC and BMC parts, 
only uncoated areas, such as edges, are affected on 
IMC parts. 

[0003] It is known from WO 00/68323 to use coating 
materials which are curable thermally and with actinic 
radiation, in particular UV (ultraviolet) radiation, (dual- 
cure coating materials) as antipopping primers for SMC 
and BMC plastics parts. In addition to other constituents, 
the resin solids of the dual-cure coating materials con- 
tain at least two constituents each having functional 
groups which serve the purpose of cross-linking with ac- 
tinic radiation. One of the two constituents moreover 
contains functional groups which are capable of enter- 
ing into thermal cross-linking reactions. The second 
constituent may contain functional groups complemen- 
tary to the functional groups of the other constituent; if 
this is not f he case, the coating material contains an ap- 
propriately f unctionalized thermally curable constituent. 
These are thermally externally cross-linking dual-cure 
coating compositions. Two-component dual-cure coat- 
ing compositions, the cross-linking of which proceeds, 
on the one hand, by radiation-induced free-radical po- 
lymerization of olefinic double bonds and, on the other, 
by the thermally induced addition reaction between hy- 
droxy! groups and NCO groups, are described therein 
as being particularly advantageous. 
[0004] The object of the invention is to provide a proc- 
ess for priming fiber- reinforced plastics substrates. It 
should be possible in said process to apply the primer 
layer from a thermally self-cross-linkable dual-cure 



coating composition. The primer layer is intended effec- 
tively to suppress the occurrence of popping defects in 
coating layers applied onto the primer layer during ther- 
mal curing of said coating layers. 

5 [0005] Various dual cure systems are known in coat- 
ings technology which combine curing by means of high 
energy radiation, in particular by means of UV radiation, 
with moisture curing. Such systems generally comprise 
organopolysiloxane binders which contain both hydro- 

10 lysable silane groups and free-radically polymerizable, 
olefinically unsaturated groups. WO 99/67318, for ex- 
ample, describes a binder system based on two differ- 
ently f unctionalized polysiloxanes, wherein one polysi- 
loxane comprises (meth)acryloyl groups and the second 

15 polysiloxane comprises ethylenically unsaturated 
groups and hydrolysable silane groups. This binder sys- 
tem is used in potting applications and in coating com- 
positions for electronic components and electronic cir- 
cuits. 

20 [0006] JP 5311082 describes a radiation- and mois- 
ture-curing binder system which is produced by reacting 
a poiyether comprising amino end groups or a polybuta- 
diene/acrylonitrile copolymer with compounds which 
contain epoxy and alkoxysilane groups and further re- 

25 acting the resultant reaction product with compounds 
which contain (meth)acryloyl groups and, for example, 
NCO groups. One-layer coatings are obtained which are 
tack-free after 24 hours and exhibit good tear strength 
and elongation. 

30 [0007] US 5,523,443 discloses a UV-curable coating 
system with good electrical properties for electronic cir- 
cuits, which system additionally cures by means of 
moisture. A urea oligomer with acryloyl groups and 
alkoxysilane groups is used, which oligomer is pro- 

35 duced, for example, from a urea derivative, in particular 
the reaction product of a diisocyanate and an amine 
containing alkoxysilane groups and a (meth)acryloyl- 
functional diol. 

[0008] Nothing is known from the prior art concerning 

40 the use of coating compositions which are curable both 
by means of high energy radiation and by means of 
moisture for priming fiber-reinforced plastics substrates. 
[0009] By applying a primer coating composition 
based on a binder system curable with high energy ra- 

45 diation and by means of moisture directly onto the sur- 
face of fiber-reinforced plastics parts, it is possible ef- 
fectively to suppress the occurrence of popping defects 
in coating layers applied onto the primer layer during 
thermal curing of said coating layers. The frequency of 

50 occurrence of popping defects is reduced, for example, 
by 90% or more in comparison with the frequency of oc- 
currence of popping defects in coating layers applied di- 
rectly onto a corresponding unprimed fiber-reinforced 
plastics part. The cured primer layers also exhibit ade- 

55 quate cross-linking and hardness in possible shaded ar- 
eas of the fiber-reinforced plastics substrates, even at 
low curing temperatures of for example no more than 
80°C. 
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Summary of the Invention 

[0010] The invention relates to a process for primer 
coating fiber-reinforced plastics substrates, in particular 
vehicle parts made from fiber-reinforced plastic, by ap- 5 
plying a primer layer onto a fiber-reinforced plastics sub- 
strate and curing the applied primer layer, wherein the 
primer layer is prepared from a coating composition 
which comprises a binder system with free- radically po- 
lymerizable olefinic double bonds and with hydro lyzable 10 
alkoxysilane groups, wherein the resin solids content of 
the coating composition exhibits an equivalent weight of 
C=C double bonds of 200 to 2000, preferably of 300 to 
1500, and a content of silicon bound in alkoxysilane 
groups of 1 to 10 wt-%, preferably of 1 to 7 wt-%, espe- fs 
cially preferably of 2 to 6 wt-%, and wherein curing of 
the primer coating layer proceeds by free-radical polym- 
erization of the C=C double bonds on irradiation with 
high energy radiation and by the formation of siloxane 
bridges under the action of moisture. 20 

Detailed Description of the Embodiments 

[001 1 ] The resin solids content of the coating compo- 
sitions curable by means of high energy radiation and 25 
by means of moisture includes the binder system with 
free-radically polymerizable olefinic double bonds and 
with hydrolyzable alkoxysilane groups, together with 
any optionally present reactive diluents. 
[001 2] The coating compositions curable by means of 30 
high energy radiation and by means of moisture used in 
the process according to the invention contain binders 
with free-radically polymerizable olefinic double bonds 
and with hydrolyzable alkoxysilane groups. The free- 
radically polymerizable olefinic double bonds and the 35 
hydrolyzable alkoxysilane groups may here in principle 
be present in the same binder and/or in separate bind- 
ers. 

[001 3] The coating compositions used in the process 
according to the invention cure by means of two different 40 
cross-linking mechanisms. Cross-linking proceeds, on 
the one hand, by means of free-radical polymerization 
of olefinic double bonds and, on the other, by means of 
the hydrolysis and subsequent condensation of alkox- 
ysilane groups to form siloxane bridges. 45 
[0014] Suitable binders with free- radically polymeriz- 
able olefinic double bonds which may be considered 
are, for example, any binders known to the skilled per- 
son which can be cross-linked by free-radical polymer- 
ization. These binders are prepolymers, such as, poly- so 
mers and oligomers, containing, per molecule, one or 
more, for example, on average 1 to 20, preferably 2 to 
10, particularly preferably 2 to 6 free- radically polymer- 
izable olefinic double bonds. 

[0015] The polymerizable double bonds may, for-ex- 55 
ample, be present in the form of (meth)acryloyl, vinyl, 
allyl, maleate and/or fumarate groups. (Meth)acryloyl 
groups are preferred. 



[0016] Both here and below, (meth)acryloyl and 
(meth)acryiic are respectively intended to mean acryloyl 
and/or methacryloyl and acrylic and/or methacrylic. 
[001 7] Examples of prepolymers or oligomers include 
(meth)acryloyl-functional poly(meth)acrylates, poly- 
urethane (meth)acrylates, polyester (meth)acrylates, 
unsaturated polyesters, polyether (meth)acrylates 5 sili- 
cone (meth)acrylates, epoxy (meth)acrylates, amino 
. (meth)acrylates and melamine (meth)acrylates. The 
number average molar mass Mn of these compounds 
may, for example, be from 500 to 10,000 g/mol, prefer- 
ably from 500 to 5,000 g/mol. The binders may be used 
individually or as a mixture. 

[0018] Compounds which contain free- radically po- 
lymerizable double bonds in the form of the preferred 
(meth)acryloyl groups may be produced in accordance 
with conventional methods. This may proceed, for ex- 
ample, by: transesterifying OH-functional resins, such 
as OH-functional polyesters, polyacrylates, poly- 
urethanes, poly ethers or epoxy resins, with alky I esters 
of (meth)acrylic acid; esterifying the stated OH-function- 
al resins with (meth)acrylic acid; reacting the stated OH- 
functionai resins with isocyanate-fu notional (meth)acr- 
ylates; reacting acid-functional resins, such as polyes- 
ters, polyacrylates, polyurethanes with epoxy-functional 
(meth)acrylates; reacting epoxy-functional resins, such 
as polyesters, polyacrylates, epoxy resins with (meth) 
acrylic acid. These production methods stated by way 
of example are described in the literature and known to 
the person skilled in the art. 

[0019] The (meth)acryloyl-functional prepolymers 
may be used in combination with reactive diluents, i.e., 
free-radically polymerizable low molecular weight com- 
pounds with a molar mass of below 500 g/mol. The re- 
active diluents may be mono-, di- or polyunsaturated. 
Examples of monounsatu rated reactive diluents are 
(meth)acrylic acid and the esters thereof, maleic acid 
and the semi-esters thereof, vinyl acetate, vinyl ethers, 
substituted vinyl ureas, styrene, vinyltoluene. Examples 
of diunsaturated reactive diluents are di(meth)acrylates, 
such as, alkylene glycol di(meth)acrylate, polyethylene 
glycol di(meth)acrylate, 1 ,3-butanediol di(meth)acr- 
ylate, vinyl (meth)acrylate, allyl (meth) aery I ate, divinyl- 
benzene, dipropylene glycol di(meth)acryiate, hexane- 
diol di(meth)acrylate. Examples of polyunsaturated re- 
active diluents are glycerol tri(meth)acrylate, trimethyl- 
olpropane tri(meth)acrylate, pentaerythritol tri(meth) 
aery I ate, pentaerythritol tetra(meth)acrylate. The reac- 
tive diluents may be used alone or in mixture. 
[0020] Binders with hydrolyzable alkoxysilane groups 
which may be considered are those conventional bind- 
ers known to the person skilled in the art which may be 
functionalized with alkoxysilane groups. The alkoxysi- 
lane groups may comprise monoalkoxysilane, dialkox- 
ysilane and/or trialkoxysilane groups. Tri alkoxysilane 
groups are preferred. The alkoxysilane groups com- 
prise, for example. 1-10, preferably, 1-3 C atoms in the 
alkoxy residue. 
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[0021] The binders bearing alkoxysilane groups may 
be produced, for example, by: copolymerizing alkoxysi- 
lane-functional (meth) aery late monomers or by copoly- 
merizing vinylalkoxysi lanes; reacting OH-functional res- 
ins, such as, OH-functional polyesters, polyacrylates, 
polyurethanes, polyethers or epoxy resins with isocy- 
anate-functional alkoxysilanes; reacting epoxy-func- 
tional resins with aminoalkoxysilanes; reacting acid- 
functional resins with epoxy-functional alkoxysilanes; 
reacting isocyanate-functional resins (for example, 
polyurethanes, polyesterurethane prepolymers, poly- 
etherurethane prepolymers, acrylate copolymers with 
free NCO groups) with aminoalkoxysilanes; reacting 
isocyanate-functional resins with OH-functional alkox- 
ysilanes produced in situ, for example, by addition of 
aminoalkoxysilanes onto cyclic carbonates. The partic- 
ular reaction must be performed with exclusion of water 
in order to suppress premature hydrolysis of the alkox- 
ysilane groups. 

[0022] Binders bearing both olefinic double bonds, in 
particular (meth)acryloyl groups, and hydrolyzable 
alkoxysiiane groups which may be considered are those 
conventional binders known to the person skilled in the 
art which may be functionalized with (meth)acryloyl 
groups and alkoxysilane groups. These resins may, for 
example, be produced as follows: 
[0023] (Meth)acryloyl groups, such as those de- 
scribed above, are first incorporated into an appropriate 
resin. Residual OH groups may then be reacted with iso- 
cyanate-functional alkoxysilanes or residual epoxy 
groups may be reacted with aminoalkoxysilanes or 
some of the acryloyi groups may be reacted with ami- 
noalkoxysilanes. 

[0024] The equivalent ratio of free-radically polymer- 
izable olefinic double bonds to hydrolyzable alkoxysi- 
lane groups (mono-, di- and trialkoxysilane groups are 
in each case calculated as one equivalent) in the binder 
system may be, for example, 1 :0.1 to 1 :5, preferably 1 : 
0.2 to 1:4. 

[0025] The binders with free-radically polymerizable 
olefinic double bonds and/or hydrolyzable alkoxysilane 
groups may additionally contain hydroxyl groups. The 
hydroxyl groups may be obtained or introduced using 
measures known to the person skilled in the art. For ex- 
ample, the hydroxyl groups may be introduced by react- 
ing NCO groups still present in the binders with polyols. 
The additionally present hydroxy! groups have a cata- 
lytic action on moisture curing and can also react with 
the alkoxysilane groups under a condensation reaction. 
[0026] Free-radical inhibitors may be added to the 
binders in order to prevent premature polymerization of 
the double bonds present. Examples of free-radical in- 
hibitors are hydroquinone, 4-methoxyphenol, 2,6-di- 
tert.-butyi-4-methylphenol, phenothiazine, 3,5-di-tert.- 
butyl-4-hydroxyanisole, 2-tert.-butyl-4-hydroxyanisole, 
3-tert.-butyl-4-hydroxyanisole, p-benzoquinone. 
[0027] The coating compositions curable by means of 
high energy radiation and by means of moisture which 



are usable in the process according to the invention are 
liquid coating compositions, which may contain organic 
solvents in an amount of, for example, up to 60 wt-%, 
calculated on the ready-to-apply coating composition. 
5 [0028] The organic solvents optionally present in the 
liquid coating compositions comprise conventional coat- 
ing solvents. 

[0029] The coating compositions may contain pho- 
toinitiators in order to initiate free-radical polymeriza- 

10 tion. Suitable photo initiators include, for example, those 
which absorb in the wavelength range from 190 to 600 
nrn. Examples of photoinitiators for free-radically curing 
systems are benzoin and derivatives, acetophenone 
and derivatives, such as, for example, 2.2-diacetoxyac- 

15 etophenone, benzophenone and derivatives, thioxan- 
thone and derivatives, anthraquinone, 1-benzoylcy- 
clohexanol, organophosphorus compounds, such as, 
for example, acyl phosphine oxides. The photoinitiators 
are used, for example, in quantities of 0.1-7 wt-%, pref- 

20 erably of 0.5-5 wt-%, relative to the total of free- radically 
polymerizable prepolymers, reactive diluents and pho- 
toinitiators. The photoinitiators may be used individually 
or in combination. They may also be used in combina- 
tion with suitable coinitiators, for example amines, such 

25 as, tertiary amines. 

[0030] The coating compositions may contain cata- 
lysts to catalyze moisture curing. Examples of such cat- 
alysts are Lewis bases, for example, cycloaliphatic 
amines, such as, diazabicyclooctane, diazabicycloun- 

30 decene, and diazabicyclononene; aliphatic amines, 
such as, triethylamine, tripropylamine, diethanolamine, 
monoethanolamine, triethanolamine, diethyleth- 
anolamine, dimethylethanolamine, dipropyleth- 
anolamine, and dimethylisopropanoiamine. Further ex- 

35 amples of catalysts are organo tin compounds, such as, 
dibutyltin dilaurate, dibutyltin dioctoate and acid cata- 
lysts, such as, for example, formic acid, p-toluenesul- 
fonic acid, dodecylbenzenesulfonic acid, dinonylnaph- 
thalenedi- or -monosulfonic acid. The catalysts may be 

40 blocked, for example, blocked p-toluenesulfonic acid, 
dodecylbenzenesulfonic acid, dinonylnaphthalenedi- 
sulfonic acid or dinonytnaphthalenemonosulfonic acid. 
The catalysts may be used individually or in combination 
with one another. 

45 [0031] The coating compositions which may be used 
in the process according to the invention may be pig- 
mented or unpigmented coating compositions accord- 
ing to a pigment plus extender: resin solids weight ratio 
in the range of, for example, 0 : 1 to 2:1 . 

so [0032] The coating compositions may contain trans- 
parent, color-imparting and/or special effect-imparting 
pigments and/or extenders. Suitable color- imparting 
pigments are any conventional coating pigments of an 
organic or inorganic nature. Examples of inorganic or 

55 organic color-imparting pigments are titanium dioxide, 
micronized titanium dioxide, iron oxide pigments, car- 
bon black, azo pigments, phthalocyanine pigments, 
quinacridone or pyrrolopyrrole pigments. Examples of 
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special effect-imparting pigments are metal pigments, 
for example, made from aluminium, copper or other met- 
als; interference pigments, such as, for example, metal 
oxide coated metal pigments and coated mica. Soluble 
dyes may also be present. Examples of usable extend- 
ers are silicon dioxide, aluminium silicate, barium sul- 
fate, calcium carbonate and talcum. 
[0033] The coating compositions may also contain 
constituents which impart electrical conductivity. This 
may in particular be convenient if, in the process accord- 
ing to the invention, fiber-reinforced plastics substrates 
which perse have no electrical conductivity are provided 
with a primer layer. Such substrates may in this manner 
be provided in a single operation with a primer layer, the 
electrical conductivity of which makes it possible, for ex- 
ample, to apply further coating layers by electrostatically 
assisted means. Examples of constituents which impart 
electrical conductivity are particulate inorganic or organ- 
ic electrical conductors or semiconductors, such as, for 
example, iron oxide black, graphite, conductive carbon 
black, metal powders, molybdenum disulfide and spe- 
cial conductive pigments, such as, for example, doped 
pearlescent pigments, for example, mica flakes provid- 
ed with a thin layer of antimony-doped tin oxide, or con- 
ductive barium sulfate, in which the particle core is en- 
closed in a thin layer of antimony-doped tin oxide. 
[0034] In addition to the already stated initiators, in- 
hibitors and catalysts, the coating composition may con- 
tain further conventional coating additives. Examples of 
further conventional coating additives are levelling 
agents, rheological agents, such as, highly disperse sil- 
ica or polymeric urea compounds, thickeners, for exam- 
ple, based on partially cross-linked, carboxy-functional 
polymers or on polyurethanes, defoamers, wetting 
agents, anticratering agents, degassing agents, ther- 
molabile initiators, antioxidants and light stabilizers 
based on HALS (hindered amine light stabilizers) prod- 
ucts and/or UV absorbers. The additives are used in 
conventional amounts known to the person skilled in the 
art. 

[0035] The coating compositions may be formulated 
as single-component or two-component coating compo- 
sitions, depending upon whether a blocked or un- 
blocked catalyst is used for moisture curing. If an un- 
blocked catalyst is used, the binders curable by means 
of high energy radiation and by means of moisture, i.e., 
at least the binders with the hydrolyzable alkoxysilane 
groups, are present in one component and the un- 
blocked catalyst is present in a second component. If a 
blocked catalyst is used, the coating compositions may 
be provided as a single-component formulation without 
any need to prepare a second component. 
[0036] In the process according to the invention, prim- 
er layers of, for example, a dry film thickness of 20 to 50 
H.m are applied from the coating compositions onto fiber- 
reinforced plastics substrates. Application may proceed 
using known methods and preferably by means of 
spraying. 



[0037] The fiber- reinforced plastics substrates to be 
provided with a primer layer in the process according to 
the invention may comprise plastics parts reinforced 
with organic fibers, carbon fibers and/or inorganic fibers, 

5 such as, mineral fibers or in particular glass fibers. Ex- 
amples are in particular conventional IMC, SMC or BMC 
plastics parts known to the person skilled in the art 
which, depending upon the composition thereof, may be 
electrically conductive or electrically n on -conductive. 

10 The parts in particular comprise automotive parts such 
as wings, bonnets, boot lids, doors, mirror housings etc. 
[0038] When the coating compositions are applied, it 
is, for example, possible initially to apply the corre- 
sponding coating composition onto the fiber-reinforced 

15 plastics substrate, wherein application may be followed 
by flashing-off, for example, within a period of 5 to 40 
minutes, at 20 to 60°C. After the optional intermediate 
flash-off phase, irradiation with high energy radiation 
can proceed. UV radiation or electron beam radiation 

20 may be used as high energy radiation. UV radiation is 
preferred. Irradiation may proceed continuously or dis- 
continuously (in cycles). 

[0039] Irradiation may be carried out, for example, in 
a belt unit fitted with one or more UV radiation emitters 

25 or with one or more UV radiation emitters positioned in 
front of the object to be irradiated, or the area to be ir- 
radiated, or the substrate to be irradiated and/or the UV 
radiation emitter(s) is(are) moved relative to one anoth- 
er during irradiation. For example, the subject to be ir- 

30 radiated may be moved through an irradiation tunnel fit- 
ted with one or more UV radiation emitters, and/or a ro- 
bot equipped with one or more UV radiation emitters 
may guide the UV radiation emitter(s) over the substrate 
surface. 

35 [0040] In principle, the duration of irradiation, distance 
from the object and/or radiation output of the UV radia- 
tion emitter may be varied during UV irradiation. The 
preferred source of radiation comprises UV radiation 
sources emitting in the wave length range from 180 to 

40 420 nm, in particular, from 200 to 400 nm. Examples of 
such UV radiation sources are optionally doped high, 
medium and low pressure mercury vapour emitters and 
gas discharge tubes, such as, for example, low pressure 
xenon lamps. Apart from these continuously operating 

45 UV radiation sources, however, it is also possible to use 
discontinuous UV radiation sources. These are prefer- 
ably so-called high-energy flash devices (UV flash 
lamps for short). The UV flash lamps may contain a plu- 
rality of flash tubes, for example, quartz tubes filled with 

so inert gas, such as, xenon. The UV flash lamps have an 
illuminance of, for example, at least 10 megalux, pref- 
erably, from 10 to 80 megalux per flash discharge. The 
energy per flash discharge may be, for example, 1 to 10 
kJoule. 

55 [0041] The irradiation time with UV radiation when UV 
flash lamps are used as the UV radiation source may 
be, for example, in the range from 1 millisecond to 400 
seconds, preferably, from 4 to 160 seconds, depending 
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on the number of flash discharges selected. The flashes 
may be triggered, for example, about every 4 seconds. 
Curing may take place, for example, by means of 1 to 
40 successive flash discharges. 

[0042] If continuous UV radiation sources are used, 
the irradiation time may be, for example, in the range 
from a few seconds to about 5 minutes, preferably less 
than 5 minutes. 

[0043] The distance between the UV radiation sourc- 
es and the substrate surface to be irradiated may be, for 
example, 5 to 60 cm. 

[0044] Irradiation with UV radiation may proceed in 
one or more successive irradiation steps. In other 
words, the energy to be applied by irradiation may be 
supplied completely in a single irradiation step or in por- 
tions in two or more irradiation steps. 
[0045] Curing under the reaction of moisture is carried 
out by exposure to conditions of sufficient moisture, e. 
g., by exposure to humidity. The moisture curing reac- 
tion is operative over a broad range of humidity and can 
be carried out at a relative humidity in the range of. for 
example, 1 0-90%, and preferably, 20-80%. 
[0046] In order to promote rapid development of sat- 
isfactory cross-linking in the shaded areas too, it is ad- 
vantageous to expose the applied coating layer to ther- 
mal energy before, during and/or after UV irradiation. 
The coating layer may, for example, be exposed to tem- 
peratures of approximately 60°C to 160°C, preferably, 
80°C to 120°C (object temperature in each case). It is, 
however, particularly advantageous in order to achieve 
an adequate cross-linking also in the shaded zones for 
curing to proceed even at temperatures of no more than 
80°C in short curing times of, for example, 1 0 to 30 min- 
utes. 

[0047] The process according to the invention may be 
performed on a workshop or an industrial scale, for ex- 
ample, in automotive repair coating or in industrial or 
automotive original coating. 

[0048] The fiber-reinforced plastics substrates provid- 
ed with a primer coat in the process according to the 
invention may subsequently be further coated, for ex- 
ample provided with a one-layer top coat or with a mul- 
tilayer coating. Examples of multilayer coatings are mul- 
tilayer coatings prepared from a surfacer and a top coat 
layer, from a base coat and a clear coat layer or from a 
surfacer, base coat and clear coat layer. 
[0049] Further coating of the fiber-reinforced plastics 
substrates provided with a primer coat in the process 
according to the invention may proceed on a workshop 
or an industrial scale. The fiber-reinforced plastics sub- 
strates provided with a primer coat may here be further 
coated as separate parts or as (a) part(s) of a larger 
structure to be coated. These options for the perform- 
ance of further coating may also be combined, i.e., a 
part may first be coated as a separate part and one or 
more further coatings may be applied when it is part of 
a larger structure to be coated. For example, the fiber- 
reinforced plastics substrates provided with a primer 



coat may be assembled with at least one other substrate 
in composite construction to form a larger structure to 
be coated. Examples of other substrate materials are 
metal parts and plastics parts other than fiber-reinforced 

5 plastics parts, which may in each case be pretreated 
and/or provided with a previous coating. For example, 
the fiber-reinforced plastics substrates provided with a 
primer coat in the form of automotive parts may be at- 
tached to the remainder of the automotive body, which 

10 generally consists of metal parts, and then coated to- 
gether therewith. 

[0050] Several possible variants for coating automo- 
tive bodies of composite construction which are pro- 
duced using fiber-reinforced plastics substrates provid- 
15 ed with a primer coat using the process according to the 
invention may be given below by way of example: 

1 ) Optionally pretreated metal body and electrically 
non-conductive, fiber- re info reed plastics parts pro- 

20 vided with a primer coat are assembled and togeth- 
er pass through a conventional electrodeposition 
coating (EDC) process, wherein only the metal 
body is provided with an EDC primer layer. Once 
the EDC primer layer has fully cured, the assembly 

25 is further coated, in general initially with a surfacer 
and then with a top coat or with a base coat and 
clear coat. 

2) Optionally pretreated metal body and fiber-rein- 
forced plastics parts provided with an electrically 

30 conductive primer coat or provided with an outer, 
electrically conductive coating on the primer coat 
are assembled and together pass through a con- 
ventional electrodeposition coating process, 
wherein the metal body and fiber-reinforced plastics 

35 parts are provided with an EDC primer layer. Once 
the EDC primer layer has fully cured, the assembly 
is further coated, in general initially with a surfacer 
and then with a top coat or with a base coat and 
clear coat. 

40 3) Optionally pretreated, EDC -primed metal body 
optionally provided with further coating layers and 
fiber-reinforced plastics parts provided with a prim- 
er coat or with at least one further outer coating lay- 
er are assembled and together further coated. 

45 

[0051] Depending upon the shape of the fiber-rein- 
forced plastics part and/or the location thereof within a 
larger structure to be coated and/or the requirements 
placed upon the fully coated fiber-reinforced plastics 

50 part, further coating of the fiber-reinforced plastics sub- 
strates provided with a primer coat may comprise the 
entirety or only a proportion of the primed surface, in the 
latter case in particular the surfaces of the fiber-rein- 
forced plastics substrate which are visible to an observ- 

55 er. 

[0052] The following Examples are intended to illus- 
trate the invention in greater detail. The following abbre- 
viations have been used: pbw means parts by weight, 



6 



11 



EP 1 391 492 A1 



12 



and wt-% means weight percent. 
Examples 

Example 1 (Production of an alkoxysilane-functional 
urethane acrylate A): — 

[0053] 478 pbw of hexamethylene diisocyanate biuret 
(75%, Tolonate® HDB/75 from Rhodia), 8 pbw of neo- 
pentyl glycol and 30 pbw of butyl acetate were initially 
introduced into a flask. The reaction mixture was heated 
to a maximum of 60°C. 235 pbw of a secondary ami- 
noalkoxysilane (Silquest® A 1170, Witco) were then ap- 
portioned in such a manner that the temperature did not 
exceed 80°C. Rinsing was performed with 40 pbw of 
butyl acetate. Once an NCO value of < 5.9 had been 
reached, 0.6 pbw of methylhydroquinone and 0.5 pbw 
of dibutyltin dilaurate solution (10%) were added. 149 
pbw of butanediol monoacrylate were then apportioned 
in such a manner that the temperature did not exceed 
80°C. The reaction mixture was stirred and the temper- 
ature was not allowed to exceed a maximum of 80°C 
until an NCO value was no longer detectable. The mix- 
ture was then diluted with butyl acetate and the solids 
content of the colorless resin solution obtained was ad- 
justed to 75 % (1 h/150°C). 

[0054J The resin had a calculated double bond equiv- 
alent weight of 725 and a calculated content of silicon 
bound in alkoxysilane groups of 5,1 wt-%, relative to res- 
in solids content. 



Example 3 (Production of alkoxysilane-functional 
urethane acrylates C) 



Example 2 (Production of an alkoxysilane-functional 
urethane acrylate B) 



[0055] 529 pbw of hexamethylene diisocyanate biuret 
(75%, Tolonate® HDB/75 from Rhodia), 9 pbw of neo- 
pentyl glycol and 20 pbw of butyl acetate were initially 
introduced into a flask. The reaction mixture was heated 
to a maximum of 60°C, 179 pbw of a secondary ami- 
noalkoxysilane (Dynasilan 1189, Degussa) were then 
apportioned in such a manner that the temperature did 
not exceed 80°C. Rinsing was performed with 40 pbw 
of butyl acetate. Once an NCO value of < 6,3 had been 
reached, 0.6 pbw of methylhydroquinone and 0.5 pbw 
of dibutyltin dilaurate solution (10%) were added. 165 
pbw of butanediol monoacrylate were then apportioned 
in such a manner that the temperature did not exceed 
80°C. The reaction mixture was stirred and the temper- 
ature was not allowed to exceed a maximum of 80°C 
until an NCO value was no longer detectable. The mix- 
ture was then diluted with butyl acetate and the solids 
content of the colorless resin solution obtained was ad- 
justed to 75 % (1h/150°C). 

[0056] The resin had a calculated double bond equiv- 
alent weight of 655 and a calculated content of silicon 
bound in alkoxysilane groups of 2,8 wt-%, relative to res- 
in solids content. 



[0057] 121 pbw of a primary aminoalkoxysilane (Dy- 
5 nasilan AMMO, Degussa) were reacted with 86 pbw of 
butyl acrylate in 35 pbw of butyl acetate in a 2 liter flask. 
Once the exothermic reaction had subsided, 515 pbw 
of hexamethylene diisocyanate biuret (75%, Tolonate® 
. HDB/75 from Rhodia) and 35 pbw of butyl acetate were 
10 added. At a maximum temperature of 80°C, the reaction 
was continued until an NCO value of 7.15% was 
reached. The reaction mixture was then combined with 
0.6 pbw of methylhydroquinone and 0.5 pbw of dibutyltin 
dilaurate (as 10% solution). 156 pbw of hydroxyethyl 

is acrylate were then apportioned in such a manner that 
the temperature did not exceed 80°C. The reaction mix- 
ture was stirred and not allowed to exceed a maximum 
of 80°C until an NCO value was no longer detectable. 
The mixture was then diluted with butyl acetate and the 

20 solids content of the colorless resin solution obtained 
was adjusted to 75 % (1 h/1 50°C). 
[0058] The resin had a calculated double bond equiv- 
alent weight of 558 and a calculated content of silicon 
bound in alkoxysilane groups of 2,5 wt-%, relative to res- 

25 jn solids content. 

Production of primer coating compositions 4a-c 



30 



35 



40 



Example 4a 

[0059] A primer coating composition usable in the 
process according to the invention was formulated from 
the following constituents: 

60.0 wt-% of urethane acrylate resin C from Exam- 
ple 3 

3.0 wt-% of conductive carbon black (Printex® LT 
from Degussa) 
5.0 wt-% of talcum 

1 .0 wt-% of Darocur® 1173 (photoinitiator; CIBA) 
0.3 wt-% of Irgacure® 819 (photoinitiator; CIBA) 
30.7 wt-% of butyl acetate 



1 00 pbw of this coating base were mixed shortly before 
45 application with 3.0 pbw of a 1 0 wt-% solution of p-tol- 
uenesulfonic acid in xylene. 

Example 4b 

so [0060] A primer coating composition usable in the 
process according to the invention was formulated from 
the following constituents: 

52.2 wt-% of urethane acrylate resin A from Exam- 
55 pie 1 

1 7.4 wt-% of conductive pigment (Minatec® 30 CM 

from Merck) 

4.3 wt-% of talcum 
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0.9 wt-% of Darocurtg> 1173 (photo initiator; CIBA) 
0.3 wt-% of Irgacure® 819 (photo initiator; CIBA) 
24.9 wt-% of butyl acetate 

1 00 pbw of this coating base were mixed shortly before 
application with 3.0 pbw of a 10 wt-% solution of p-tol- 
uenesulfonic acid in xylene. 

Example 4c 

[0061 ] The same method was used as in Example 4b, 
except that urethane acryiate resin B from Example 2 
was used instead of urethane acryiate resin A from Ex- 
ample 1 . 

Application and curing of primer coating compositions 
4a, b and c 

[0062] Since SMC test sheets are not directly availa- 
ble for coatings testing purposes, 1 0 x 20 cm SMC test 
sheets were sawn from the SMC plastics skin of uncoat- 
ed car tailgates (from Inoplast). The test sheets were 
suspended and spray coated on both sides and on the 
edges with primer coating compositions 4a, b and c to 
a dry film thickness of 25 ujti and flashed off for 1 0 min- 
utes. The primer layer on both sides of the test sheets 
was then irradiated with a conventional commercial UV 
radiation emitter (medium pressure mercury emitter 
from Fusion, 240 W/cm, 100% output, at a UV radiation 
emitter/object distance of 16 cm and a belt speed of 3 
m/min) and then thermally cured for 20 minutes at an 
object temperature of 80°C. 

[0063] In order to simulate curing in the shaded areas 
of an appropriately shaped three-dimensional sub- 
strate, i.e., in the areas of a substrate that are not 
reached by the UV radiation emitters, test sheets were 
produced in a manner similar to that described above 
and coatings 4a-c were then cured only with moisture/ 
thermal energy. After application, the coatings were in 
each case left for 10 minutes at room temperature 
(flash-off phase) and then cured for 20 minutes at 80°C 
(circulating air oven). In all cases, a tack-free coating 
layer is obtained, indicating adequate cross-linking in 
shaded areas. This was also confirmed by OK results 
in the xylene test (brief description: a xylene-soaked fil- 
ter paper was placed on the coating film for 1 0 minutes. 
Evaluation: OK = no visible change). 
[0064] The SMC test sheets provided with primer lay- 
ers cured by UV irradiation and thermal curing were sus- 
pended and spray coated to a dry film thickness of 35 
jim with a conventional commercial aqueous surfacer 
and, after flashing off for 10 minutes at room tempera- 
ture, baked for 20 minutes at an object temperature of 
1 65°C. On the basis of 5 test sheets in each case, fewer 
than 2 popping defects per side of test sheet were ob- 
served in the surfacer layer in the case of 4a as well as 
of 4b and 4c. 

[0065] By way of comparison, the same procedure 



was applied, but using unprimed SMC test sheets. On 
the basis of 5 test sheets in each case, no fewer than 
1 5 popping defects per side of test sheet were observed 
in the surfacer layer. 

5 

Claims 

1. A process for primer coating fiber- reinforced plas- 
w tics substrates which comprises the steps of (1 ) ap- 
plying a primer layer onto a fiber-reinforced plastics 
substrate and (2) curing the applied primer layer, 
wherein the primer layer is formed from a coating 
composition which comprises a binder system with 

15 free-radically polymerizable olefinic double bonds 
and with hydrolyzable alkoxysilane groups, wherein 
the resin solids of the coating composition exhibit a 
C=C double bond equivalent weight of 200 to 2000 
and a content of silicon bound in alkoxysilane 

20 groups of 1 to 10 wt-% and wherein curing of the 
primer layer proceeds by free-radical polymeriza- 
tion of the C=C double bonds on irradiation with high 
energy radiation and by the formation of siloxane 
bridges under the action of moisture. 

25 

2. A process according to claim 1 , wherein the resin 
solids of the coating composition have a C=C dou- 
ble bond equivalent weight of 300 to 1500 and a 
content of silicon bound in alkoxysilane groups of 1 

30 to 7 wt-%. 

3. A process according to claim 1 or 2, wherein the 
alkoxysilane groups comprise trialkoxysilane 
groups. 

35 

4. A process according to claim 1 , 2 or 3, wherein the 
binder system with free- radically polymerizable 
olefinic double bonds and with hydrolyzable alkox- 
ysilane groups additionally comprises hydroxyl 

40 groups. 

5. A process according to any one of the preceding 
claims, wherein the coating composition used to 
form the primer layer contains constituents which 

45 provide electrical conductivity. 

6. A process according to any one of the preceding 
claims, wherein UV radiation is used as the high en- 
ergy radiation. 

50 

7. A process according to any one of the preceding 
claims , wherein the fiber-reinforced plastics sub- 
strates comprise automotive parts. 

55 8. A process according to any one of the preceding 
claims, wherein, after the primer layer is cured, a 
coating is applied selected from the group consist- 
ing of a single layer top coat and a multilayer coat- 
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ing. 

Fiber-reinforced plastics substrates coated accord- 
ing to the process of any one of the preceding 
claims. s 
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